Paleomagnetic and rock magnetic properties of 112 samples of basalt from Hole 396B, Leg 46, were measured.
INTRODUCTION
Paleomagnetic and rock magnetic properties were analyzed for 112 samples from Hole 396B, Leg 46 (Mid-Atlantic Ocean). These measurements were complemented by ore microscopic observation.
The rock samples were oriented with respect to vertical; consequently, only the inclination of the natural remanent magnetization can be given in absolute values.
The main aims of this investigation were (1) measurement of the magneto-stratigraphy, and (2) identification of the ferromagnetic mineral phases.
PALEOMAGNETIC MEASUREMENTS Methods
The remanent magnetization of the rocks was measured partly with a Schonstedt spinner magnetometer (shipboard measurements) and partly with a Digico spinner magnetometer (shore-based measurements). Stepwise alternating field demagnetization using fields of 25, 50, 75, 100, 150, 200, 300, 400, 500 , and 1000 Oe in an earth-fieldcompensated space was carried out in order to determine the "stable direction" of magnetization.
Volume susceptibility was measured with a Bison magnetic susceptibility bridge. The Königsberger Qratio was determined from these values. Magnetic stability of the rocks was characterized by three different measured properties: (1) medium destructive field (MDF) which is the alternating field during a.c. demagnetization necessary to erase half of the natural remanent magnetization (NRM); (2) the coercivity (He); and (3) the coercivity of remanence (Her).
He and Her were determined by Stepwise reduction of an isothermal saturation remanent magnetization (Lr, produced in a 10 4 oe magnetic d.c. field) by magnetic d.c. fields applied in opposite directions.
Results
The results are summarized in Tables 1 and 2 and Figure 1 . The most prominent result is the occurence of different polarity groups defined by the stable magnetic inclination values. Four polarity groups or magnetic units can be distinguished. Within the individual magnetic units, the stable magnetic inclination values are remarkably consistent (apart from magnetic Unit IV). Most of the samples have high magnetic stability and low susceptibility; this is also reflected in the high values of the Königsberger Q-factor. Only the center part of lithologic Unit 3 (the basalt flow or sill, Core 15) and Core 22 in lithologic Unit 4 have higher susceptibility values and correspondingly lower magnetic stabilities.
In Figure 1 , the theoretical central dipole value for the inclination of the earth's magnetic field at the latitude of drilling (40.30) has been included for comparison. Apart from magnetic Unit II, the measured magnetic inclinations of the rocks are distinctly shallower, with mean values of 4-20.8° and -60° for magneitc Units I and III, respectively ( Table  2) . This may be a result of tectonic tilting.
The intensity of NRM shows relatively little scatter in lithologic Units 1 and 2 as compared with Units 3 and 4.
ROCK MAGNETIC MEASUREMENTS Methods
Curie temperature (Tc) and specific saturation magnetization (L) were determined by measuring the temperature dependence of the strong field magnetization using a magnetic balance (the Depth has been calculated by assuming proportional distribution of the recovered core material over the whole respective core length.
Inclination of natural remanent magnetization after partial alternating field demagnetization.
Natural remanent magnetization/magnetization induced by the present earth's magnetic field.
MDF (medium destructive field) is the magnetic field necessary to erase half of the natural remanent magnetization by alternating field demagnetization.
aturation remanence acquired in a magnetic field of 10,000 oe.
Strong field specific magnetization measured in 1800 oe at room temperature. measurements were carried out in air, with an applied magnetic field of 1800 oe), The ratio of saturation remanent magnetization and saturation magnetization (J rs /J s ) were used to estimate the magnetic domain state (single or multidomain) of the ferromagnetic mineral component.
Rock magnetic measurements were complemented by ore microscopic observations in polished section. Magnetic colloid was used to aid in the identification of the magnetic minerals.
Results
The results are summarized in Tables 1 and 2 and Figure 1 . The dominant ore phase in all investigated samples is titanomagnetite, mostly in skeletal form. Tiny spherules of sulfides are also present in most of the samples, but in much smaller quantities than titanomagnetite. Only the basalt flow or sill (lithologic Unit 3) contains ilmenite, which is present as separate grains.
All titanomagnetite grains show signs of low temperature oxidation (pale color and volume change cracks in larger grains, features similar to those described by Ade-Hall et al., 1976 , for Leg 34 basalts); they are probably titanomaghemites. In general, the smaller the titanomagnetite grains, the higher the oxidation state. In extremely altered samples (20-1, 24-26 cm, for example), where titanomagnetite is no longer visible, bright yellow spots show where the oxides were located and the surrounding silicates are stained yellow-brown. In pillow basalts, the titanomagnetite grains are extremely small, from 5µm down to the limit of visibility. In the center part of the basalt flow or sill (lithologic Unit 3), grain size of the titanomagnetites increases to about 20 µm.
The ore microscope observations are well supported by the Curie temperature measurements. Curie temperatures between 200° and 400°C are typical for low-temperature oxidized titanomagnetites in oceanic basalts (Johnson and Merrill, 1973; Ozima et al., 1974; Ade-Hall et al., 1976; Bleil and Petersen, 1977) . The Curie temperature of the original unaltered titanomagnetite must have been much lower. Comparative measurements on synthetic unoxidized titanomagnetites having a composition corresponding to the average composition of titanomagnetites in tholeiitic basalts (Petersen, 1976) , give original Curie temperature of 110°C (Petersen and Eisenach, unpublished results) This value has been included with the measured Curie temperatures in Figure 1 (dashed vertical line). From this comparison it is concluded that none of the samples has retained its original titanomagnetite composition. It is difficult to say when this low temperature alteration of titanomagnetite took place, but there are arguments that most of the process happened relatively shortly after the emplacement of the rock (Honnorez and Petersen, this volume).
The high J^J^ ratio (saturation remanence/saturation magnetization) of 0.6 for most of the samples suggests single domain particles (Dunlop, 1969) ; this is in agreement with the optical grain size measurements (see Table 1 ). According to Soffel (1971) , the transition from multidomain to singledomain titanomagnetite particles is close to 1 µm.
SUMMARY AND CONCLUSIONS
The remanent magnetization of the investigated samples is carried by fine grains of titanomagnetite. There may also be a very small contribution from sulfides. Titanomagnetite grains have been altered by low temperature oxidation as is typical in deep ocean weathering (halmyrolysis). No sign of high temperature oxidation of titanomagnetites was detected. In contrast to subaerial basalts, high-temperature oxidation of titanomagnetites seems to be rare in ocean floor basalts (Ade-Hall et al., 1976) and may only occur in the center of massive flows (Watkins and Haggerty, 1967; Grommé et al., 1969) .
Four magnetic polarity groups or magnetic units, defined by the stable magnetic inclination, can be distinguished in the section from Hole 396B. Within the individual magnetic units the stable magnetic inclination values are remarkably constant. Lithologic and magnetic unit boundaries do not always coincide.
Owing to changes in polarity of natural remanence in the rocks, the intensity of of magnetization integrated over the whole length of the drill hole is much too low to explain the amplitude of the marine magnetic anomaly observed at the drill site. This is similar to the occurrence of different magnetic polarity units within a single drill hole observed in the deep holes of the Atlantic Legs 37 (Hall and Ryall, 1977) and 45 (Johnson, 1977) . This is in contrast to what would be expected from the simple block model of the Vine and Matthews sea-floor-spreading hypothesis. It has been argued that these drill holes accidentally hit the boundary region between two neighboring magnetic polarity zones, but this explanation can be excluded for Hole 369B which is precisely in the center of positive marine magnetic anomaly 5.
